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Wind Turbine Worksheet – Module 1
You are a design engineer for Green Wind, a company that produces wind turbines for large scale power production. The current wind turbine that Green Wind makes is good at one wind speed, however, in many areas where these wind turbines are installed the wind speed varies greatly. Your team’s job is to come up with a new, improved design that performs well at a couple different wind speeds.
To do this your group will build and test some prototypes. You will first construct a model of the current wind turbine Green Wind makes as your baseline, and then you will make one that changes one aspect of the design. You will then share these results with the other groups in the Green Wind company. Using everyone’s results, your group will design an optimal wind turbine. 
First, you must learn about wind turbines.
1. Fill in the energy conversion chart below.
Energy
Energy
Energy
Is Converted to
Is Converted to converted to

2. Write down a challenge that engineers face when designing wind turbines.
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Wind Turbine Worksheet – Module 2
1. Write down some of the variables that can be changed when designing a wind turbine.



2. Which variable is your group going to study?


3. Use the table on the back of this page to make predictions about the performance of each wind turbine; circle your choice of the wind turbine doing better, worse, or the same compared to the baseline design. Then compare these predictions to the actual results.

4. Were your predictions correct? Did any of the results surprise you?





5. Based on your results, and those of your classmates, what is your group’s new, ‘optimal’ design going to be?


	Variable
	Prediction
	Actual

	Light Material
	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE

	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE


	Long blades
	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE

	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE


	Round blades
	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE

	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE


	4 blades
	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE

	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE


	Small angle
	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE

	High Speed:

BETTER   SAME   WORSE

Low Speed:

BETTER   SAME   WORSE
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Wind Turbine Worksheet – Module 3
1. What is a trade-off? Give an example of one you have experienced.






2. What two variables are you going to change for your improved design?



3. Do you think there is a single ‘best’ or ‘perfect’ wind turbine design? Why or why not?
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Wind Turbine Worksheet – Data Tables
Use the following charts to record data on your wind turbines. 
Baseline
	Speed (High or Low)
	Voltage (V)

	
	

	
	



Variable 
	Speed (High or Low)
	Voltage (V)

	
	

	
	




Re-Design
	Speed (High or Low)
	Voltage (V)
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Construction Instructions
1. Gather the necessary materials. Refer to your Design Guide.
2. Trace the appropriate number and type of blades using the blade stencil(s) onto the appropriate blade material. Refer to your Design Guide for number, type, and material of blades.
3. Cut out the blades.
4. Mark a line 1 ½” from the end of each blade support (wooden craft sticks).

BE CAREFUL! GLUE GUNS ARE HOT!!!!

5. Hot glue one blade to the long end of each support so that 1 ½” of the support shows. Try to keep the stick centered along the blade.
6. Insert the blades into the appropriate turbine hub, so that the support faces the back of the hub (marked with a dot). Refer to the Design Guide. Make sure the blades are evenly spaced around the hub and at the correct angle.
7. Hot glue around where the blade support is inserted into the hub.
You are now ready to test your wind turbine! 

Testing Instructions
1. Measure the blade radius, the distance from the center of the hub to the tip of a blade, in cm. Record this in your data table.
2. Mount your wind turbine onto the generator shaft.
3. Turn the fan to speed setting 1. Record the current and voltage.
4. Turn the fan to speed setting 3. Again, record the current and voltage.
5. Calculate the Blade swept area, Electrical power, Wind power, and Efficiency and record the values in your data table.
6. Report your results on the class chart.
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Design Guide
Baseline
· 3 blades using Baseline stencil and poster board
· Baseline turbine hub

Lighter Material
· 3 blades using Baseline stencil and cardstock
· Baseline turbine hub

Long Blades
· 3 blades using Long stencil and poster board
· Baseline turbine hub

Round Blades
· 3 blades using Round stencil and poster board
· Baseline turbine hub

4 Blades
· 4 blades using Baseline stencil and poster board
· 4 Blade turbine hub

Small Angle Hub
· 3 blades using Baseline stencil and poster board
· Small angle turbine hub







Name 
[image: http://www.homepowerpick.com/wp-content/uploads/2010/08/wind-turbine-clipart-e1281474668338.png]  Wind Turbine Design Project[image: http://www.homepowerpick.com/wp-content/uploads/2010/08/wind-turbine-clipart-e1281474668338.png]
Wind Turbine Worksheet – Extended Module
1. Calculate the efficiency of a wind turbine using the equation:


	And using the following data:
	Current, i
	2.00 mA

	Voltage, V
	1.10 V

	Blade radius, r
(A=πr2)
	12.5 cm

	Air density, ρ
	1.2 kg/m3

	Wind velocity, v
	5 m/s


	
First, calculate the Blade Swept Area:


	


	Next, calculate the Electrical power:




	Then, calculate the Wind power:





	Finally, calculate the efficiency:






2. Does higher output current/voltage necessarily mean higher efficiency? Why or why not?
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Wind Turbine Worksheet – Extended Lesson Data Tables
Use the following charts to record data on your wind turbines. 
Baseline
Blade radius 
	Speed (High or Low)
	Voltage (V)
	Current (i)
	Efficiency (η)

	
	
	
	

	
	
	
	


Variable 
Blade radius 
	Speed (High or Low)
	Voltage (V)
	Current (i)
	Efficiency (η)

	
	
	
	

	
	
	
	


Re-Design
Blade radius 
	Speed (High or Low)
	Voltage (V)
	Current (i)
	Efficiency (η)
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